The 1BL/1RS wheat-rye translocations had been used in wheat breeding programs worldwide. The objective of this study was to determine the effect of the 1BL/1RS translocation in SeriM82 /Babax recombinant population. 167 lines of this population were assayed under well-irrigated, terminal drought, heat and a combination of heat and drought stress conditions in two years. 5S rDNA and Iag95 markers were used to differentiate genotypes with or without the1BL/1RS translocation. Presence of 1BL/1RS translocation reduced grain yield (YLD), grain per spike (GSP) and grain per m 2 (GM2). QTLs in 1 BL/1RS segments indicated increased thousand-grain weight (TGW), chlorophyll content, spikelet per spike (SPLS), spike compactness (SCOM) and awn length (AWL) but reduced YLD, GSP and GM2. The 1BL/1RS carrying lines' response varied between assayed environments. Plants of drought trials were more affected by 1BL/1RS compared to others. Differences in the effects of 1BL/1RS and QTLs suggest that gene expression at translocation loci is restricted to specific environmental conditions. In general, the 1BL/1RS translocation could not be a suitable source of genetic diversity for enhancing grain yield under heat and drought stresses.
Introduction
Rye (Secale cereale L.) which is an important resource of useful genes has been widely employed in wheat improvement (Jiang et al. 2010) . The short arm of rye chromosome 1 (1RS) carries genes for grain yield enhancement and has been also reported as a former source of disease and insect resistance genes (McIntosh 1983; Singh et al. 1990; Rogowsky et al. 1993) , stress tolerance, and wheat adaptation to environmental conditions (Rajaram et al. 1983; Schlegel and Korzun 1997) . This particular 1BL/1RS chromosome translocation spontaneously arose in a wheat-rye cross progeny during the 1930s. It succeeded into different German wheat strains, until it was introgressed into foreign varieties. Famous Russian bread wheats, such as Kavkaz and Aurora were among them (Schlegel and Korzun 1997) . The origin of the alien chromatin could be traced back to the rye variety Petkus (Schlegel and Korzun 1997) . This translocation carried resistance genes for pathogens responsible for disease resistance such as powdery mildew (Erysiphe graminis), stripe rust (Puccinia striiformis), leaf rust (P. triticina), and stem rust (P. graminis) (Bartos et al. 1973; Zeller 1973) . Although, positive effects of 1RS/1BL on wheat biomass, spikes per square meter, grain weight, and test weight have been reported, no significant effects on grain yield were detected by other authors (Villareal et al. 1991 (Villareal et al. , 1994 . Previous works on SeriM82/Babax population indicated that the QTL alleles associated with 1BL/1RS translocation reduced grain yield (Mathews et al. 2008; Rattey et al. 2009; Pinto et al. 2010; McIntyre et al. 2010) . Evidences show that the impact of the 1BL/1RS translocation on performance is highly linked to genetic background and environmental conditions. Despite the loss of disease resistance and its negative effect on bread-making quality parameters, the 1RS/1BL translocation lines continue to play a significant role in wheat breeding programs, specially, in developing countries (Dhaliwal and MacRitchie 1990; Fenn et al. 1994; Dadkhodaie et al. 2011; Peake et al. 2011; Zhao et al. 2012) . For example, about 45% of commercial wheat cultivars from 17 countries from 1991 to 1995, up to 50% of all cultivars in China (Zhou et al. 2003) , 53% of cultivars registered in Hungary (Hoffmann 2008 ) and 21% of Iranian wheat cultivars (Bagherikia et al. 2014 ) carry the 1BL/1RS translocation.
Due to the quantitative nature of agronomic and physiological traits, concomitant use of genotyping (i.e., QTL analysis) and phenotyping of the 1BL/1RS and 1B lines can provide a better understanding of the effect of 1BL/1RS. The major objectives of this study were to (i) determine the effects of 1RS/1BL translocations on agronomic, phenological and physiological traits in SeriM82 (1BL/1RS line)/Babax (1R line) population under well-irrigated, terminal drought, heat and combined heat and drought stress conditions and to (ii) compare QTL effects in 1RS/1BL and 1BL genomic regions on wheat agronomic traits.
Materials and Methods

Plant materials and field trials
Plant materials included 167 recombinant inbred lines (RILs) developed from the cross SeriM82 × Babax that were evaluated in eight experiments in Darab Agricultural Research Station (28° 47´N, 57° 17´E, 1110 m altitude). This region is located at southern warm and dry area of Iran and experiences high temperatures and drought during wheat reproductive stages. SeriM82 which is a semi-dwarf spring wheat variety derived from the "Veery" cross (KVZ/BUHO//KAL/BB) while Babax released from the "Babax" cross program (BOW/NAC//VEE/3/BJY/COC) (Olivares-Villegas et al. 2007; Pinto et al. 2010) . SeriM82 carries the 1BL/1RS (rye) translocation, and is characterized by high yield potential. The Babax parental line is recognized as drought tolerant variety Pinto et al. 2010) .
Eight experiments were conducted in 2010-2011 and 2011-2012 growing seasons. In each experiment, RILs and parental cultivars were sown in a two-replicated α-lattice de- sign. Plots were two 3.5 m long beds comprising three rows spaced 20 cm. Standard crop management practices were applied, and weed and diseases were controlled in all trials. In each year, four experiments including normally irrigated condition, terminal drought stress, heat stress and combined terminal drought and heat stress trials were performed. For normally irrigated conditions, an experiment with normal sowing date (December 1) and well-irrigated conditions throughout the crop cycle was set out in each of (IR11) and 2011 growing seasons. For terminal drought experiments in 2010-2011 (DR11) and , the seeds were sown on December first and irrigation stopped from booting stage to end season. Two experiments with delayed sowing date on January 15th were considered as terminal heat stressed trials in the first (HT11) and second (HT12) years. Genotypes in HT11 and HT12 experiments were normally irrigated throughout the crop cycle but faced with high end-season temperatures. In combined heat and drought stress (HD11 and HD12) trials, the seeds were sown on January 15th and irrigation stopped from the booting stage to end season.
Data collection
The traits of interest were classified into four groups as: (1) DHE was calculated based on the difference of emergence date of 50% of seedlings and the date that 50% of the spikes emerged from leaf sheaths. DMA recorded at the time that 50% of the spikes lost their chlorophyll. At the grain filling stage, chlorophyll content which was expressed as SPAD unit was measured using a portable chlorophyll meter (SPAD-502 Minolta, Spectrum Technologies Inc., Plainfield, IL, USA). Canopy temperature (CT) at the vegetative (CTv) and grain-filling (CTg) stages were recorded by a portable infrared thermometer (Sixth Sense LT300 IRT) (Olivares-Villegas et al. 2007 ). CTv was recorded at the time that the spikes were visible in 10% of the population. CTg was also measured during anthesis and late grain-filling stages (Pask et al. 2012) . Glaucousness (leaf wax) was visually determined using 1 to 4 scales after anthesis (Clarke et al. 1993) . ROL was evaluated via visual scores of 1-5 (O'Toole and Moya 1978) . PHE, SPL, SPLS, SCOM and GSP were recorded in 10 randomly plants in each plot. Grain number was counted as per square meter. YLD was measured as g/m 2 . TGW (g) was measured from a random sample of grains.
Data analysis
Analysis of variances of data was performed using maximum likelihood (REML) procedure in Genstat V. 15 software (Payne et al. 2012) . In previous study (McIntyre et al. Cereal Research Communications 43, 2015 2010), two rye-specific markers (5S rDAN and Iag95) were selected to differentiate 1BL/1RS carrying lines from 1B lines. For each trait, 1B chromosome classes (1BL/1RS vs. 1B) were considered as fixed factor and Best Linear Unbiased Estimates (BLUEs) were calculated from analyses within each environment. For across-environments analysis, environment and 1B chromosome classes (1BL/1RS vs. 1B) were considered as fixed factor and replicates and replicates × sub-block were considered as random. Adjusted means (BLUEs) were used to determine differences between 1BL/1RS and 1B classes using the least significant difference (LSD) test.
QTL analysis
QTL analysis was performed using molecular marker data for chromosome 1B carrying T1BL/1RS. Molecular markers consisted of 27 AFLP, 6 SSR and 10 DArT Lopes et al. 2013 ). 1B-a was considered as the T1BL/1RS region (for more details see Mathews et al. 2008 and McIntyre et al. 2010) . The majority of markers on 1B-a exhibited segregation distortion with approximately 75% Babax alleles ). In present study, the 1B-a linkage group was subjected to QTL analysis. QTL analysis was performed using Windows QTL Cartographer 2.5 software (Wang et al. 2007) . Forward regression with five background markers, a window size of 10.0 cM and a walk speed of 2 cM were selected to perform composite interval mapping (CIM). Threshold values (LOD) for QTL significance were estimated via a permutation test with 1000 random re-sampling (Churchill and Doerge 1994; Doerge and Churchill 1996) . Putative QTLs were defined as QTLs linked to two or more markers at LOD > 3.0 while QTLs with 2.0 < LOD < 3.0 were considered as suggestive. Graphical map of translocation-harboring region of 1B chromosome was generated in MapChart version 2.1 software (Voorrips 2002) .
Results
Variations in 1BL/1RS and 1B lines
Combined analysis of eight environments showed that all traits except ROL were significantly affected by environmental conditions (Table S1*). Traits except SPAD and AWL were affected by the chromosome classes (1BL/1RS vs. 1B). All traits showed non-significant Env × 1BL/1RS vs. 1B interactions (Table S1) .
Traits' means in all genotypes are shown in Table 1 . No significant difference was observed between 1BL/1RS and 1B genotypes for CTv, CTg, DHE, DMA, PHE, WAX and ROL. Compared to 1BL/1RS lines, the 1B lines had higher YLD in irrigated (about 5%), drought (about 10%), heat (about 5%), and combined stress (about 9%) trials. Grand means of 1B lines showed higher YLD (about 8%) than the 1BL/1RS lines over eight environments (Table 1 ). The 1B lines had higher GM2 in irrigated (about 6%), drought (about 9%), heat (about 5%), and combined stress (about 6%) compared to the 1BL/1RS 
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lines. The 1B lines also had higher GM2 than the 1BL/1RS lines in combined analysis. The 1B lines showed higher GSP in drought (about 4%) and combined analysis (about 3.5%), while no difference was found between two chromosome classes in other environments. The 1B lines showed higher AWL than 1BL/1RS in irrigated (about 3%), drought (about 4%) and combined analysis (about 4%). No significant differences were observed between two chromosome classes in heat and combined heat and drought stress trial. The 1BL/1RS lines showed higher SPAD, SPLS and SCOM than the 1B lines in all environments. Compared to 1B lines, SPAD was approximately 8% higher in 1BL/1RS lines in both irrigated and drought, and about 5% in both heat and combined trials. The 1BL/1RS lines also had higher grand mean for SPAD. The 1BL/1RS lines had higher SPLS than 1B lines in irrigated, drought, heat and combined heat and drought stress trials (Table 1 ). The SPLS of the 1BL/1RS lines was significantly higher than 1B lines. The 1BL/1RS lines had a higher SCOM than the 1BL/1RS lines in all environments (Table 1) . The 1BL/1RS lines showed higher SPL in heat (4%), combined stress (6%) and combined analysis (4%), while no difference was found between two chromosome classes in other environments (Table 1) .
1BL/1RS QTLs
Total 1BL/1RS region length was about 64 cM with 1.5 cM average marker distance. QTLs for the traits that were significant between 1BL/1RS and 1B chromosome classes are shown in Table 2 . All significant QTL alleles of 1BL/1RS except a QTL in the wPt-5281 -aca/cac-5 interval in HT11 increased SPAD. Most SPAD QTLs in studied environments were detected between 59 -71 cM interval of LG 1B. A major and environmentally stable QTL (LOD = 3.15 in 2011 and 5.7 in 2012) was detected at agc/cta-9 -agg/ ctg-3 interval with increasing allele derived from SeriM82 (1BL/1RS region).
YLD increasing QTL alleles were derived from Babax (1B) and explained 3.7 to 25.3% of the YLD variation. A putative QTL, linked to aca/cac-5, explained about 9.2, 7.6 and 11.2% of YLD variation in IR11, DR11 and HT11, respectively. Another putative QTL from Babax explained 7.7 and 11% of YLD variation in DR12 and HT12, respectively. Two QTLs explaining 17 and 25.3% of variation were detected in IR12 environment. QTL alleles from Babax parent (1B) increased TGW. Three putative QTLs that were identified in DR11 explained 8.7, 8.7 and 9.3% of TGW variation, respectively. The estimated position of co-located QTLs for traits on translocation-harboring region is presented in Fig. S1 . The QTL positioned at 76.41 cM distance was co-located with a strong QTL for increased YLD from Babax in IR12. The putative QTL near agg/ctg-3 explained 9.3 and 10.4% of TGW variation in HT11 and HD11, respectively. A putative QTL positioned at 62.2 cM distance had increasing effect on TGW in DR11 and it was co-located with a suggestive increasing SPAD QTL (Fig. S1) .
Alleles from SeriM82 (1BL/1RS) increased SPLS. A putative QTL linked to agg/cac-3 explained 8.7 and 7.7% of SPLS variation in HT12 and DH12, respectively. This QTL was co-located with an increasing SPAD QTL in HT12. Another SPLS QTL (at 70.4 cM distance) detected in HD11 was co-located with a putative increasing SPAD QTL in DR11 and DR12 (Fig. S1 ). The 1BL/1RS translocation increased SCOM in all trials. QTLs linked to act/ctc-7 and agg/cat-11 explained about 10 and 9.2% of SCOM variation in IR12, respectively. Another putative QTL from SeriM82 detected at 54.4 cM distance was co-located with an increasing SPLS QTL from SeriM82 in HT12 (Fig. S1 ). The QTL positioned at 62.6 cM distance increased SCOM in IR12 and co-located with two TGW QTLs in IR11 and DR12 trials (Fig. S1 ).
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Cereal Research Communications 43, 2015 The QTL alleles from 1BL/1RS increased GSP. Two putative QTLs positioned at 59.9 and 62.6 cM distances were identified in DR12. These two QTLs explained 8.2 and 7.8% of GSP variation, respectively. The QTL positioned at 62.6 cM distance was co-located with a putative QTL for decreased SCOM in IR12 and a suggestive decreasing TGW QTL in IR11 and DR12. The act/ctc-5 marker at 58.41 cM distance linked to a suggestive GSP QTL in DR11 was also linked to a suggestive decreasing TGW QTL from Babax in IR11 and DR12 (Fig. S1 ). Alleles from Babax (1B) increased GM2 and explained 6.4 to 13% of phenotypic variation ( Table 2 ). The aac/ctg-4 marker at 59.16 cM distance linked to a putative QTL that explained about 9% of GM2 variation in HT11 and HD11. This QTL was co-located with a strong QTL derived from SeriM82 (1BL/1RS allele) for increasing SPAD in DR11 (Fig. S1 ). Another putative GM2 QTL (LOD = 5.3) that was found in IR11 was co-located with a Babax QTL for increasing YLD in IR11 and HT12 and with another Babax QTL for increased GSP in DR12 (Fig. S1) . The aac/ctc-6 marker at 84.98 cM distance was co-segregated with a QTL for GM2. This putative QTL was co-located with a strong QTL for increasing YLD (LOD = 8.96) in IR12. A robust QTL at 59.7 cM distance for increased GM2 in IR11 was co-located with a putative QTL for increased GSP in DR12 (Fig. S1 ).
The only suggestive QTL for AWL was identified at 59.91 cM distance in DR12. The effect of this QTL was attributed to 1BL/1RS and higher AWL. The AWL QTL derived from Babax was co-located with a suggestive GSP QTL in DR12 (Table 2) .
Discussion
The effect of 1BL/1RS on wheat agronomic traits has been reported (Rajaram et al. 1983; Villareal et al. 1991 Villareal et al. , 1994 Villareal et al. , 1995 Moreno-Sevilla et al. 1995; Monneveux et al. 2003; Peake 2003; Peake et al. 2011) . Our result showed the significant effect of chromosome classes (1BL/1RS vs.1B) on most of the agronomic traits but some of traits were not significantly affected by 1BL/1RS. The 1BL/1RS translocation decreased YLD in all environments which is in agreement with other reports (Mathews et al. 2008; Rattey et al. 2009; McIntyre et al. 2010; Pinto et al. 2010) . In some studies, 1BL/1RS translocation increased YLD (Carver and Rayburn 1994; Villareal et al. 1994 Villareal et al. , 1995 Moreno-Sevilla et al. 1995) . However, our results showed considerable negative effect of 1BL/1RS translocation on YLD in drought and combined stress trials. This shows that the effect of the 1BL/1RS translocation varies upon environment. Our results were similar to those obtained by Monneveux et al. (2003) and Peake et al. (2011) . Ehdaie et al. (2003) showed that the 1BL/1RS translocation caused non-significant decreases in grain yield and grain number. Present study showed that the negative effect of the 1BL/1RS translocation on YLD was associated with decreased GSP and GM2.
The 1BL/1RS lines had higher TGW than the 1B lines in irrigated, drought and combined analysis. This is in agreement with other studies (Rattey et al. 2009; McIntyre et al. 2010; Peake et al. 2011 ). In addition, increased TGW in 1BL/1RS lines was accompanied by increased SPAD and AWL. However, in wheat where grain-filling is mostly sink-limited (Borrás et al. 2004) , reductions in grain number cannot be compensated by grain Cereal Research Communications 43, 2015 weight (Calderini et al. 2001; Ugarte et al. 2007 ). Despite increased TGW in present study, 1BL/1RS class had lower grain yield due to decreased grain number. Similarly, Peake et al. (2011) by performing a cross between SeriM82 and Hartog suggested that increased grain weight of the 1BL/1RS class may be a compensatory source/sink response to decreased grain number.
QTLs on 1BL/1RS increased SPAD, TGW, SPLS, SCOM and AWL and reduced GSP, GM2 and YLD. McIntyre et al. (2010) detected a number of QTLs in 1BL/1RS region from the SeriM82 (rye) allele which increased grain weight but decreased grain number, and grain yield in low yielding environments. Pinto et al. (2010) also found Seri M82-derived QTLs on translocation region that decreased grain per m 2 and grain yield. Colocation of QTLs of some of traits conveys the pleiotropic or linkage effects. For instance, YLD QTLs were co-located with QTLs for GM2, SPLS, SPAD and SCOM.
In Australia, the use of wheat cultivars carrying 1RS/1BL translocation has been limited to feed and biscuit because of low bread-making qualities (i.e. sticky dough) (McIntosh et al. 2001) . In contrast, wheat genotypes with this translocation have been used widely in developing countries, and are also present in soft red winter wheat in the US and Europe (Dadkhodaie et al. 2011) . The frequency of 1BL/1RS translocation reached approximately to 70% at one stage in CIMMYT's spring wheat germplasm but has declined to about 30% in more recent advanced lines. The wheat cultivars Veery, Kauz and Super Kauz which carry 1BL/1RS translocation (Rabinovich 1998) , are present in the pedigree of many CIMMYT lines (Dadkhodaie et al. 2011) . Furthermore, the presence of the rust resistance genes Lr26, Yr9 and Sr31 also indicated that almost 60% of CIMMYT-derived germplasm carry this translocation (Dadkhodaie et al. 2011) . Based on pedigree information, many of Iranian cultivars released in recent years have originated form CIMMYT or local by CIMMYT crosses. Because of negative effect of 1BL/1RS translocation on grain yield and also bread-making quality and loss of disease resistance (Dhaliwal and MacRitchie 1990; Fenn et al. 1994; Dadkhodaie et al. 2011; Peake et al. 2011; Zhao et al. 2012) , in the case of using 1BL/1RS carrying lines in producing populations, selection should be made for progenies lacking this translocation.
Results showed that the 1BL/1RS translocation affected grain yield and its components, AWL and SPAD. 1BL/1RS translocation reduced grain yield, grain number/m 2 and grain per spike. This negative effect on grain yield was found in heat and drought stress trial. The impact of 1BL/1RS translocation on traits varied upon the environment. Traits in drought stress trials were more affected by 1BL/1RS compared to other trials. 1BL/1RS class increased thousand-grain weight, SPAD unit and awn length. The negative effect of 1BL/1RS translocation on grain yield is an undesirable characteristic in hot and dry environments. Thus, based on our results, the 1BL/1RS translocation may not convey an advantage for SeriM82/Babax population in heat and drought stress conditions. It is suggested to limit the use of 1BL/1RS translocation lines only as a source of genetic variation.
